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1
RADIOGRAPHY
This is a contmuatmn of application Ser. No. 543,338,

filed Jan. 23, 1975.
This invention relates to a method of and apparatus

for examining a body by means of racl:atlon such as X-

or - radiation.

The method and apparatus according to the invention

can be used to assist in the production of radiographs in
any convenient form, such as a picture on a cathode ray
tube or other image forming device, a photograph of

10

'such a picture, or a map of absorption coefficients such

as may be produced by a digital computer and on which

contours may subsequently be drawn.

- In the method of, and apparatus for, examining a
body described in U.S. Pat. No. 3,778,614 radiation is

~ directed through part of the body, from an external

source, in the form of a pencil beam. A scanning move-

ment is imposed on the beam so that it takes up in turn
a large number of differing dispositions, and a detector
is used to provide a measure of the adsorption of the
‘beam in each such disposition after the beam has passed

- through the body. The beam is caused to take up these
various dispositions by arranging that the source and
the detector are reciprocated in a plane and are orbited
about an axis normal to the plane. The various dispositi-
ons thus lie in a plane through the body over which the
distfibuticm of absorption coefficients for the radiation
used is derived by processing the beam absorption data
provided by the detector. The processing is such that
the finally displayed distribution of absorption is the
result of a linear superposition process coupled with

successive approximations.
The method and apparatus described in the aforesaid

Patent has proved to be successful for producing cross-
sectional representations of parts of the living body,

such as the head.
In the U.S. Ser. No. 532,188 now U.S. Pat. No

3,999,073 filed Dec. 12, 1974 (Hounsfield et al) there is
described an apparatus for carrying out the derivation
of the absorption data signals in a relatively rapid man-
ner. Accordin’g to this Patent Application the deriva-
‘tion is achieved by directing a sectoral swath of X-rays
emanating from a source, through the body in the plane
to be examined and providing a series of detectors on

the other side of the body to measure the radiation

transmitted along a set of beam paths within the swath.
The sectoral swath subtends an angle sufficient to in-
clude the whole region of interest in the plane of the
body, so that a complete scan can be effected merely by

- orbiting the source and the detectors about the body.

When such an arrangement is adopted it is important
~ that the absorption data signals should not include dif-
ferences due to differential variations in the sensttivites
of the various detectors. It is, however, found in prac-
tice that such differential variations can occur to a sig-
nificant degree even in the relatively short time re-
_qmred for scanning.

It is an object of the present invention to provide
means for reducing such spurious differences.

Accordmg to one aspect of the present invention
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ranged to scan said source and detector means to irradi-
ate the body from a plurality of directions so that there
can be derived, from said determinations of intensity, a

‘reconstruction of the distribution of absorption of the
radiation within a part of the body, means being pro-

vided to compare the outputs of said detectors in pairs
at predetermined times when the respective detectors of
a pair receives radiation along substantially identical
paths to determine the differences in the relative sensi-
tivities of said detectors during the scanning movement.
According to a further aspect of the present invention
there is provided a method of examining a body by
means of penetrating radiation such as X- or y- radiation
including the steps irradiating a region of the body,
detecting the intensity of the radiation, after passage
through the body, moving the source of the radiation
and a plurality of detectors with respect to the body so

as to irradiate the body from a plurality of directions,

deriving from said intensity determinations of recon-
struction of the distribution of absorption of the radia-
tion within a part of the body and comparing the out-
puts of said detectors in pairs at predetermined times in
the course of the scanmng movement to determine the
extent of differences in the sensitivites of the detectors.

In order that the invention may be clearly understood

‘and readily carried into effect, the same will now be

more fully described with reference to the accompany-
ing drawings in which: |

FIG. 1 shows the general layout in side elevation of
an apparatus in accordance with the invention;

FI1G. 2 shows details of part of FIG. 1, together with
a diagrammatic layout of the circuit concerned with
processing of the absorption data;

FIGS. 3(a), 3(b), 3(c), 3(d), 3(e) and 3(f) are explana-
tory diagrams relating to means according to the inven-

_ tion whereby data is corrected for detector errors, and

40

~ FIG. 4 is a diagram illustrating the operation carried

out by a digital computer included in the circuit of FIG.
2.

In FIG. 1 the patient 1 is shown lying on supportmg
means formed in two parts 2 and 3 and his body 1s sub-
ject to examination by X-radiation indicated in broken

~ line at 4. This radiation is generated by a source 5 and
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there is provided an apparatus for examining a body by

means of penetrating radiation such as X- or - radiation

including source means arranged to irradiate a region of 65

the body, detector means, including a plurality of detec-

tors, arranged to determine the'intensity of the radiation

after passage through the body, scanning means ar-

forms a fan shaped spread in a plane lying at right angles
to the plane of the figure. It will be appreciated that the
patient supporting means has to be sufficiently long to
allow any desired section of the ‘patient’s body to be
located in the plane of the X-radiation.

In the regzon of the exploring radiation, the body of
the patient is surrounded by a liquid medium, which
may be water and which has an absorption coefficient

- for the radiation closely similar to that of body tissue.

The liquid is shown in the figure at 6 and contained

‘within an envelope or bag 7. The envelope 7 1s posi-

tioned within a ring like structure 8 which may be of
metal such as duralumin. The ring member 8 is held by
retaining means not shown in the figure. Supporting
means 2 is mounted on an upright 9A of the main frame
9 of the apparatus whilst the part 3 is supported at its
end remote from the ring member 8 by a bearing 10,
carried by an axle member 11, which member has an
axis about which orbiting motion of the X-ray source 3
takes place. Around the body of the patient, when he 1s
located in position in the apparatus, there is disposed a
surround or frame 13 which is cylindrical along its
length, having a longitudinal axis which is the axis of
the axle member 11. At its end adjacent this latter mem-
ber, it is closed and supported by a bearing 14 which in
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turn 1s supported by the member 11. At its other end it
is open to allow for positioning of the patient within it,
and at this end it is supported on rollers 15 which have
suitable fixed bearings. These rollers are such that the

surround member 13 is free to rotate on its axis which,
as has been indicated, 1s the axis about which the orbit-
ing motion of the X-ray source 5 takes place. The

source 5 is carried on the surround member 13 by means
of a support 16. Directly opposite the source 3 there is
carried on the surround member 13, by means of a sup-
port 17, a detector system 18 so as to provide radiation
absorption data from the body of the patient in the plane
of the radiation from the source 5. The detector system
18 extends over the whole spread of the fan of radiation
from source S. The spread of the fan 1s indicated dia-
grammatically in FIG. 2 as is the extent of the detector
means 18. The supports for the detector system 18 allow
limited angular movement of the system relatwe to the
surround member 13, as will be described.

The axle member 11 is carried by a support 19 and
adjacent the support 19 and surrounding the axle mem-
ber 11 1s a bobbin 20. This last element 1s fixed to the
support 19 and wound round it are cables 21 and 22
respectively carrying absorption data from the detector
means 18 to the processing unit and supplying power
for the X-ray source 5. The cables 21 and 22 also supply

electric current for electromagnets used for producing

‘the aforesaid angular movements of the detector system
18. With the orbiting motion of the source and detector
means the cables wind on or off the bobbin 20. They are
fed to the bobbin via guides 23 and 24 respectively
which are carried by the surround member 13. In this
example of the invention, member 13 makes three revo-
lutions for each examination cycle which is completed
in a few seconds and the cables wrap or unwrap in
relation to the bobbin 20 correspondingly, they are
returned at the end of the examination. At the bobbin
the cables are secured and thence pass to their respec-
tive connecting units, namely the data processing unit
mentioned, and a power supply unit.
~ As indicated in FIG. 2, the detector means comprises
a series of individual detectors 18;. .. 18%. .. 18,, each
~ arranged to detect the radiation transmitted along a
narrow finger-like beam path 29;... 29, 1, indicated in
the sectoral swath which is limited within the bounds 29
by suitably collimating the sources of radiation 5.
Each detector 18y . . . 8, comprises in known manner
a crystal which scintilates when a quantum of X-radia-
tion or other high energy is incident upon it, and a
photomultiplier for converting the light scintillation to
an electrical current impulse, such impulses forming the
output signals of the individual detectors. Other forms
of detector may however be used. Each scintillator is
provided with a suitable collimator so that radiation is
substantially prevented from reaching it other than
from the respective beam path. The construction of the
apparatus shown in FIG. 1 is only illustrated in outline
- and briefly described, since it may be generally similar
in construction to that described. in the U.S. Ser. No.
532,188 filed Dec. 12, 1974 (Hounsfield et al). |
The orbiting movement of the surround member 13
and with it the source 5 and the detector system 18 is
effected by an electric motor 30, mounted on the main
frame 9 which drives the surround member 13 via gear
wheels 31 and 32, the latter of which is fixed to the
surround member 13. The motor also drives a switching
mechanism 33 which operates as will be explained on
the current supply for the electromagnets which pro-
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duces the angular movements of the source 3 and the
detector system 18. The switching mechanism 33 also
controls other supplies. FIG. 2 illustrates the electro-
magnet arrangement for the detector system. It com-

prises two coils 35 and 36 which operate an armature 37
attached to the detector system 18. The coils are con-
nected in series with circuit supplied to a reversing

switch 38 included in the switch mechanism 33. As
shown, the detector system 18, which is a unitary struc-
ture is supported in guides 39 and attached to the sur-
round member 13, the guide allowing a limited, but
precise angular movement of the system 18. When the
current supplied to the coils 35 and 36 has one sense, the
system 18 is held in one of its limit positions on the
guldes 39, and when the current is reversed the system
18 is moved to the other limit p051t10n and held 1n that

position. The switch mechanism 33 is arranged to oper-

ate the switch 38 after the first and again after the sec-

~ond of the three rotations of the surround member 13

which comprise the examination cycle of the apparatus.
The movement of the detector system 1s very small,

being only the angular separatlon between adjacent
detectors 187 ... . 18,. |

The effect of the operation of the reversmg switch 18
is to cause the detector 18;. .. 18, to detect the radiation
received along the beam path 29, ... 29,1 during the
first and third revolution of an examlnatlon cycle and to
detect radiation recetved along the beam paths 29 .

29, during the second revolutlon of the examlnatmn
cycle.

Referring further to FIG 2 the output srgnals from
the detector system 18 as they are produced in the
course of the orbital motion of the apparatus are fed to
respective amplifiers 231. The various output currents
from the amplifiers are respectively integrated by Miller
integrator circuits 232, over successive short intervals
of time and the outputs of these circuits are respectively
converted from analogue to digital form by converters
233 and fed to the digital computer 234, the operation of
which maybe explalned in connection with FIG. 4. If
desired the gains of the amplifiers 231 may be com-
monly controlled to compensate for any variations that
may occur in the emission intensity of the X-ray source.

The outputs of the digital computer are corrected -
beam data signals, each one representing the transmit-
tance of radiation along one of the beam paths 29 .
29 . . . 29, during an interval of time which is sufﬁ-
cnently short for it to be regarded as the transmittance
along the stationary beam path at a partlcular angular
position, notwithstanding the orbiting. movement of the
source 5 and the detector means 18. The beam path data
signals are applied to beam data store 239 and thence via
an address selector 251 to image reconstruction circuit
252 which may in fact utilise the digital cmnputer 234.
The image reconstruction will not be descrlbed here. Tt
may be carried out in a variety of different ways but that
described in the complete specification of U.S. Pat. No.

3,924,129 is preferred. It is sufficient.for the purposes of -

60

65

the present invention to indicate that the address selec-
tor 251 withdraws data from storage in 239 in sets corre-
sponding to output signals derived from parallel sets of

beam paths, each set being processed | in the circuit 252.
It will be apparent from FIG. 2, that at any particuiar

point in time (that is at any partlcular angular position of
the sectoral swath 29) the beam paths 29;...29;. .. are
not parallel. However, the intervals of integration of the

" integrators 232 are so related to the orbiting movement

of the source § and the detectors 18 that beam path data
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signals, derived from successive detectors 185 . . . 18,,
during successive intervals of integration, represents the
transmittance along parallel sets of beam paths. From a
knowledge of the order of storage in store 239, sets of
output signals corresponding to sets of parallel beam
paths can be selected without difficulty. This mode of
operation forms the subject matter of the U.S. Ser. No.

544,799 filed Jan. 28, 1975 now U.S. Pat. No. 4,206,389 -

(Hounsfield) and based on a British patent application
filed on the day of filing of the British application on
which this U.S. specification is based. When the image
reconstruction operations are complete, the image 1s
displayed by a display system 134, for example a cath-

ode ray tube or printer, or in addition or as an alterna-

tive, may be transferred to magnetic tape storage.
- The gains of the amplifiers 231 are adjusted to com-
pensate for differences in the sensitivites of the radiation

detectors. This compensation is particularly important

when high accuracy in image reconstruction is aimed
at, for example accuracy such as one part in one thou-
sand. Sensitivity differences tend to appear in the recon-
struction as a fine ring-like pattern. However, it 1s found
in practice that pre-set adjustment in amplifier gains is

insufficient to compensate for differences in sensitivi-

ties. The invention is concerned with effective compen-
sation for differences which may exist or arise during
each actual examination.

It is possible to regard errors in the sensitivities of the
detectors 18 as having two components, one dependent
on the position of the detector (that is a difference in the
sensitivity of the detector from a neighbouring detec-
tor) and the other dependent upon time (that is drift on
the sensitivity of any one detector during the time occu-
- pied by an examination cycle). FIGS. 3(a) to 3(f) illus-
trate how these two components of error can be calcu-
lated approximately for each detector and used to cor-
rect the output data signals used in the image recon-
~ struction. In each figure the area within which the body
under examination must be located is shown by 13'. The
figures indicate the beam paths along which radiation
impinges on two detectors 18; and 1841 at different
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detector traverses the path q through the material of the

body. In FIG. 3(c) an identical situation is shown, with

the completion of one revolution of the scanning, but
now on account of drifting of the sensitivites of the
detectors the absorption data derived from the two

detectors may be different.

In FIG. 3(b) the positions of the two detectors are
shown after just one half revolution of the orbital scan,
and p’ and q' designate radiation tracks through the
material of the body that impinge upon the two detec-
tors k and k41 in the position they now occupy. The
tracks lie in antisymmetrical relation to the tracks p and
g - ‘
 The tracks p’ and g’ are also shown in FIG. 3(d) but
now with the shift of the detector system it is radiation
traversing track p’ that falls upon detector k+ 1, rather
than radiation traversing track q'. This interchange of

the two detectors in relation to the path p’ enables the

sensitivities of the two detectors to be compared, and
the manner of this comparison will become clear,

~ though as will be evident 1t 1s necessary to take into
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times during the three revolutions of an examination

cycle. FIG. 3(d) represents approximately the mid point
of the second revolution at a time when, by virtue of the
displacement of the detector system 18 affected by the
electromagnets 35 and 36, the detectors k and k41 are
displaced, compared with their position at other times.
~ The displacement 1s equivalent to displacing the orbital
axis from 0 to 0'. One revolution is regarded as compris-
ing 361, namely 0° to 360° inclusive, 1° of orbital move-
ment occurring in each interval of integration of the
integrators 232. The interval may however be smaller.
The time occupied in each revolution of orbital motion
1s denoted by T and for mathematical convenience the
time represented by FIG. 3(d) is taken as time t=o0. The
times represented by the other FIGS. 3(a), 3(b), 3(c),
and 3(f) are indicated alongside the respective figures.
The absorption data derived during the first and third
revolutions 1s used for image reconstruction f'ollowing
‘techniques already described.

In each part of FIG. 3, it is assumed that the source of
the exploring radiation, although not shown, lies in the
plane of the figure vertically above the orbital axis O. In
FIG. 3(a) the path p denotes a particular radiation track
through the material of the body, radiation from the

source traversing this track falling upon the kth detec-
tor 18% of the detector system 18. Detector k+1 is the .

next adjacent detector and radiation fallmg upon this

account the extent of the drift of detector sensitivity in
the interval between the time t=—T of FIG. 3(b) and
the time t=o0 of FIG. 3(d). FIGS. 3(¢) and 3(/) relate to
the beginning and end of the third revolution of the
examination cycle; these figures are similar to FIGS.
3(a) and 3(c) but the paths of the radiation incident on

the detectors k and k+ 1 are denoted as r and s respec-

tively to allow for the slight difference in the starting
angle of the third revolutlon compared with the first
revolution.

In order to understand the correction process in more
detail let Si(t) represent the signal deriving from the kth
detector at arbitary time t during the scanning opera-
tion. This signal will be proportional to the measure of
absorption f(t) suffered by the exploring radiation along
the path incident upon the detector at time t, and will
also be proportional to the drift, Dx(t), in the sensitivity
of the detector at time t. Thus it is possible to write

S =ArDKOD).

A Similar statement is true of the k4 1th detector. Ax
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may be termed the sensitivity constant of detector k.
The output of detector k in FIG. 3(b) and that of detec-
tor k+1 in FIG. 3(d) are then |

Sk_(- N =ArDi{— Vo
Sk+ 1{0)=Ak 1+ 1Dx11 OYo,

in which fpis the measure of the absorption along path
p’ in FIG. 3(&) and equally so along path p’ in FIG. 3(d).
To simplify matters the drift factor for a detector may
be taken as unity for time t=0, and it follows then that

| _ | - Akt .
log ;4 1(0) — log Si(—T) = log Y P log Di(—T).
The ratio
" Akl
A& = AL

,_-Q;;an then be determined, and can furthermore be deter-
‘mined for any pair of detectors, if th_e magnitude of the




. 7
drift as represented by Di(—T) can be determined.
Therefore the relative sensitivities of the various detec-
tors can be approximately eompensated prewdmg that

A and D(t) can be determined in each case.

To obtain the information needed to evaluate D(t), 5

consider first of all the situations relating to FIGS. 3(a)
and 3(c). For. these situations respectively

sk(—g— Tj =Aka'(—-—§- T) fi

Si(— 3 1) = Dk (— 4 DA,
in which fj is the absorption measure along the path P 4 5
Again considering the respective 51tuatlons of FIGS
3(e) and 3(H)

Se(2 T) = ArDp(3 T)f2

Sk(% TJ - Awk(-%- T) fo

of which f; is the absorption measure along the path p.

From the first of the two palrs of equations it follows 27
that

20

log Si(—1 D—-IOES&(—%T) 10

N

35

mlm

log Di(~% 1) — log Dk(—

and from the second

log Si (-%- T) — log Si(3 T)'=.

log Dy, (-%— T) — log Dy(3 T).

These results may be represented more compactly if
A1 1s used to signify the first order slope of a function 45
associated with the k th detector over the span
(—@B/2)T), (—3T), and Az likewise over the span (3T,

- (3/2)T), so that the results can be expressed respee-
tively,

| 50
Agy log Sxk=A4Ak) log Dy

Ay log Sk=A47)3 log Dy,

On the assumption that the drift is small and that its
logarithm can be regarded as varying in a parabolic
manner, it is true to write

35

log Dfi(t)=(ﬁk1 log Sg+ Az log Sp)t+-3Ak12 log
Sk"t ¥

in which Ag1s signifies the second order slope derived
from the first order slopes Ag1 and Agz. Thus the drift
Dx(t) 1s determined for all times t during the examina-
tion cycle in terms of the four signal outputs
Si(—3/2T), Sp(—3T), Sx(3T) and Si(3/2T). Every
signal output of every detector can be corrected for
drift, and knowing the drift in particular for time
t=—T, the relative sensitivities of the various detectors
may be allowed for as indicated earlier. Therefore the

60
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image reconstruction data can be compensated for the

time variations occurring in detector sensitivity.
Referring now to FIG. 4, the output signals from the

integrator 232 (FIG. 2) are applied to analogue/digital

converters 233 represented in FIG. 4 by a typical unit
233. This receives the output from detector k which is
then applied via a logging circuit 242, and other circuit

elements to be explained hereinafter, to the data store
239, in which the beam data signals as initially stored
require to be corrected for errors arising from detector
sensitivity differences. from the store after correction
the data is selected 1n desired order by address selector
251 (FIG. 2). The computer timing circuit or clock 236,
a route selector circuit 241, and the logging circuit 242
function in known manner under control of the com-
puter programime. | -
To make the nature of the eemputer eperatlens more
clear, the relation between a corrected and uncorrected

data signal held in the store 239 will be expressed as
follows:

leg AN =log Si(t)—log Ax—log Di(d.

In this expression f(t) is the true measure of absorption
of radiation along the path through the body that is
incident upon detector k at time t. The value in fact
measured by the detector is Sx(t). This value in its loga-
rithmic form is initially stored in the data store 239 and
correction is performed by subtracting from the uncor-
rected beam data signal the corrections log A and log
D«(t).

From what has earlier been sald it will be realised that
the correction of the data signals initially stored in store
239 requires detector output signals to be noted at times -

specified by:
t=—3/2T,
:=§Z
=T,
=0,
t=4T,

1=3/2T.

For -simplieity the outputs of the kth detector at these

times —3/2T, —T,
in accordance with:
Si(—3/2T)=x0f

—34T, 4T and 3/2T will be denoted

- SK(—D)=x1k
Sk(—éT)=x21; l
Sk(é-T)=x4k
Sk(3?2T)=xek

and the output of detectors k-|—1 at tlme t=o0 w1ll be
denoted as -

Sk'(0)=x3k

These particular values, which appear in the output
of the analogue-to-digital converter 233, are routed by
the route selecting circuit 241, acting under the control
of the timing circuit 236, to the kth address of respective
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stores 250, 250¢, 250, 2503, 2504, 250¢ as indicated. In
these stores there is an address in each case correspond-
ing to every detector channel, of which the kth is typi-
cal. It will be realised that the values in question except
for x3x also. constitute image reconstruction data and
are also stored in the data store 239. When the signals

have been in stores 250, 2504, 2505, 2503, 2504, 250¢ a

selector circuit 251, withdraws the values X X2%, X4k

and Xex in sequential manner, under control of the tim-
ing circuit 236, so as to feed them in sequence to the
logging circuit 242. They emerge from the circuit 242 1n
logarithmic form and are applied to the differencing

10

circuit 252, which forms the first and second order -

slopes earlier introduced, and transfers these slope val-
ues to the drift function synthesis circuit 253%. This last
circuit uses these values and values of the time parame-
ter t to generate values of the logarithmic drift function
log Di(t), in accordance with the assumption that this
function varies parabolically with t as set out earler.

The values of t used in generating values of the function

are those appropriate to the time of generation of the
data signals fed to the store 239. Respective values of
the function log Di(t) are applied to an adder circuit
254, and thence subtractively to appropriate addresses
in the data store 239. The appropriate values of t are
communicated to the synthesis circuit 253z over the
conductor 245. In this way the data signal held in store
239 originating from the detector k are corrected for all
values of the parameter t used in‘image reconstruction.
Following the same processing in similar circuit ar-
rangements for all detector channels the entire data in
store 239 is corrected for detector drift errors.

To follow the method of compensating the store data
for position sensitive errors, that is unequal detector
sensitivities it will first be noted that

Ak
Ak—1

Ap—1
Ak-2

Ak

11111

in consequence of which, if

Ay
Ay 7

Ay

it follows that

k—1
2 log Ay +

ll-'

log Ay = log Aji.
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log x3x—log x1kx =log A —log Di(—T),
in which, as stated earher
k'=k=1.

The selector circuit 255 under control by the timing
circuit 236 selects in sequence the stored value X3,
stored in store 2503 and the stored value x4 from the
store 250 to apply them in turn to the logging circuit
242 and thence to a sensitivity comparison circuit 236x.
This circuit uses the applied values together with the
value of log Di(—T) generated by the drift function
synthesis circuit 253, and fed to the circuit 256, under
timing control by circuit 236, to synthesise the value of
log Axin accordance with the above equation giving log
Ax. The value of log Az so synthesised is fed to the kth
address of sensitivity store 257 which progressively
receives and stores values of log Ax for all values of k.
All values of log Ay are synthesised by respective cir-
cuits of the character just indicated.

To generate the value of log Ag the adder circuit
258, withdraws from store 257 all stored values of log
Av for values of v given in the range 1, 2, 3, . . . k-1,
under the timing control of circuit 236 via conductor
245';, and sums them so generating the required value

of log At. This value is applied to the adder circuit 254%

and thence subtractively to the appropriate addresses in
store 239. Using similar procedures to include all values
of k the data stored at all addresses of data store 239 are
compensated substantially for the unequal sensitivities
of the detectors. |

The components and circuits illustrated 1n FIG. 4 are
merely shown diagrammatically because they are as
already stated, implemented by a suitably programmed
digital computer, which may be of any well known

~ construction.
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It will be understood that while detector values used
in data signal correction as described are those of one
detector position only, these values may be values aver-
aged over a group of positions. In this way statistical
errors from limited photon counts can be significantly

reduced.

Furthermore, the detector values used in correction
need not be obtained at the times indicated provided the

 timing of the circuit is arranged accordingly. Shorter
- scans and altered timings may be employed if desired to

50

The compensation for unequal detector sensitivities

involves the appropriate subtraction of the differing
values of log Ay, differing for different values of k, from
the data stored in store 239. Since the value log Ajis
common to all corrections, this value is disregarded on
the ground that it would only introduce a uniform com-

.35

ponent into the image reconstruction. Thus where the

value of log Ay is referred to in future it will be under-
stood to have the meaning

k—1
- Z

ll-’

log Av.

From the discussion of the problem that has been given
earlier it will be evident that the value of log Axis given
by the equation

63

reduce the total time of scanning.

During the second revolution of the examination
cycle, signals are derived from the detectors 18 only at
time t=0. During the remainder of the revolution the

- X-rays may be cut off to reduce patient dose. Alterna-

tively however, data signals may be generated during
this second revolution and utilised in the image recon-
struction. | |

- It will ‘be appreciated that the correction for time
variable errors in detector sensitivity is achieved by

deriving output signals from the respective detector at

successive times when the radiation is incident on the
detector, through the body being examined, along the
same beam path. These output signals are utilised to
generate a function representing the form of the drift mn
sensitivity, and discrete values of this function evalu-
ated for respective instants of time are used to correct
the respective output signals generated at the corre-
sponding instants. Depending on the number of output
signals used to generate the drift function, the function
may be linear, parabolic, cubic or even higher order. In
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practice however parabolic function gives adequate
correction. This aspect of the invention can be utilised
with any number of detectors, since an individual drift
tunction is generated for each detector. It is applicable
~where only one detector is used in each plane to be
investigated, as described for example in U.S. Pat. No.
3,778,614.

The position sensitive correction is however based on
receiving radiation along the same path by particular
pairs of detectors (which need not in practice be consti-
‘tuted by adjacent detectors) in a detector system, one
path for each pair. This aspect of the invention is there-
fore applicable only where multiple detectors are used.
In the example described, the desired result is achieved
by directing radiation twice through the body from
substantially identical directions, and sensing the radia-
tion emerging from the body at the first time with the
detectors in one position relative to the body, and the
second time with the detectors in a displaced position
relative to the body. It will be understood however that
the same effect could be achieved by displacing the
body relative to the detectors, or by a combination of
-such movements. Moreover, the “look” through the
body with the detectors displaced from their positions
they occupy for normal scanning may take place either
before and after the scanning movement, instead of as
described, at an intermediate point. It is however pref-
erable to check the relative sensitivities of the detectors
at an intermediate point in the scanning process.

What I claim is:

- 1. Radiographic apparatus for examining at least one
slice disposed cross-sectionally of a patient’s body, com-
prising means defining a patient position including a
region in which said at least one slice can be disposed, a
source of a fan-shaped spread of penetrating radiation,
support means supporting said source so that said radia-
tion projects through said region along a plurality of
beams which are distributed across said spread at re-
spective angular orientations therein so that they di-
verge from one another with increasing distance from
said source, means for moving said source angularly
around the patient position to project said beams of
radiation through said region from a plurality of loca-

4,289,968
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tions distributed angularly around said patient position,
detecting means, including a plurality of detector de-
vices, disposed to detect said beams of radiation after
they have traversed said region, and means causing
relative movement between said spread of radiation and

- said detector devices whereby each beam of radiation is
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detected by a respective detector device at one stage of
said angular movement of said source and by a different
respective detector device at another stage of sald angu-
lar movement. - | -

2. Medical radiographic apparatus for examlnmg a
cross-sectional slice of the body of a patient, the appara-
tus including: means defining a patient position; a source
of a fan-shaped distribution of penetrating radiation; a
support means supporting said source so that the radia-
tion is projected through the patient position along a
plurality of beams disposed at respective angular orien-
tations in said distribution, said beams diverging from
one another with increasing distance from said source

to a sufficient extent to provide beams at least tangential

to a region capable of including said cross-sectional
slice; means for moving said source angularly around
the patient position to project said beams of radiation
through said region from a plurality of locations distrib-
uted angularly around said patient position; detecting
means, including a plurality of detector devices, dis-
posed to recetve the radiation travelling along said
beams, after it has traversed said region and to provide
output SIgnals, indicative of the attenuation suffered by
the radiation in travelling along said beams, said detec-
tor devices being closely adjacent so as to be capable of
detecting radiation travelllng along contiguous beams
of radiation; means for causing a relative movement
between said spread of radiation and said detectors and
therefore between said beams and said detectors so that
each beam of radiation is detected by a respective detec-
tor device at one stage of said angular movement of said
source and by a different respective detector device at
another stage of said angular movement; and processing
means for operating on the output signals to provide a
representation of the distribution of attentuation of the

radiation with position in the cross-sectional slice.
% % ¥ * x | |
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